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Abstract ; The problem of NO, -N induced groundwater pollution is common in globe including China. The content of NO, -
N in groundwater is seriously affected by excess nitrogen application and irrigation through intensive agricultural practice.

However, it has been unclear about the integrated effects of irrigation and nitrogen application on NO, -N movement across
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soil profile under high yield condition. In this study, we have designed a special experiment to test different irrigation and
nitrogen regimes on the fate of N fertilizer, productive efficiency, and the leaching of NO, -N from anthesis to harvest of
winter wheat in a high fertile soil. The experiment was carried out in a split-plot design, with 4 frequencies of irrigation
being in the main plot and 3 doses of nitrogen representing in the subplot. The four irrigation frequencies were arranged as
none, once ( at elongation stage) , twice ( before winter and at elongation stage) , thrice ( before winter, at elongation stage
and anthesis stage). The three doses of nitrogen was Okg/hm’, 84kg/hm’ (basal) + 84kg/hm’ ( topdressing at elongation
stage) , 120kg/hm’ (basal) + 120kg/hm’ ( topdressing at elongation stage). The basal nitrogen was applied together with
105kgP,0,/hm’ and 105 kgK,0/hm’ before sowing. Each treatment had 3 replicates, with a plot of 4.5 m x30 m. In one
of the three replicates, microplots of *N tracing experiments were set with the area of 15 ¢cm x44.5 c¢m, and isolated with
a 30 cm high iron frame. Each N microplot had 2 replicates, which was added 10. 13 atom % “N -urea as basal
application ( before sowing) or topdressing. The rates of N application and irrigation frequency in the microplots were the
same to these in the field plot. Jimai 20 (a winter wheat cultivar with strong gluten) was sowed on 4 October 2003 and
harvested on 18 June 2004.

The N fertilizer recovery rate of non-irrigation treatments was found to be higher than those of irrigation treatments. It
was noted that irrigation treatments increased the recovery rate along with increased irrigation frequency. Both N fertilizer
residual amount and residual rate in plough soil (0 —25 em) layer decreased with increased irrigation frequency, while N
fertilizer loss amount and loss rate increased. N recovered by wheat plant, N fertilizer uptake by wheat plant, N fertilizer
residual amount in plough soil layer, N fertilizer loss amount as well as loss rate all increased ,and N fertilizer recovery rate
and soil residual rate both decreased when N fertilizer application amount ranged from 0 to 240 kg/hm®. Grain yield had
increased with irrigation frequency which ranged from none to twice, however, it was noted to be decreased in thrice
irrigation treatment compared with twice irrigation treatment. Water productive efficiency also decreased with increased
irrigation frequency. Biomass and grain yield in non-irrigation treatments, N harvest index and N fertilizer productive
efficiency all significantly decreased as N fertilizer application increased from 168 to 240 kg/hm’ , nevertheless, there were
none significant difference in biomass, grain yield and grain protein content among the irrigation treatments. Irrigation
accelerated NO, -N leaching in N fertilizer application treatments ( N168 ,N240). Dimensionally, the leaching of NO, -N
happened from upper soil (0 —100 cm) to deeper soil (100 —200 cm) during anthesis to harvest of wheat croping. Our
findings suggested that the irrigation frequency was crucial to influence the residual NO, -N accumulation in 0 —100 ¢m soil
profile at harvest. The coupling effect of nitrogen fertilizer and irrigation accessed the process of residual NO, -N
accumulation in 100 — 200 cm soil at harvest while irrigation played greater role in nitrate movement compared with N

fertilizer application.

Key Words: winter wheat; interaction of irrigation and N fertilizer; N fertilizer recovery; soil nitrate-N; grain yield
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HERREARE " REDAHT K BRI BTt A R, Wik B BN A I
BT, KBS REBRAMRENBN AR, —HHEHY, MR, XTF R EREFEEAER N
A—8, ARBRAREHKBZET , REARERKENERRRE, &4 N MR REEA, IR AR
B/ RBP4 JE 5% B A AR R AR s, DUy R 7™ B Rk B L, DS R
B LARR T 7K 75 5% B XU R B o

1 #RERE
1.1 BBt

H E) i3 T 2003 ~2004 4F 7R INRA Jp I AL D8RR 8 B A B I B #EF7. B R ONBRER, iR
BRI A ER, —FE R, ZHEFSFEM . 0 ~40 cm + 2 3R IR RO W3R 1, R30I #E 6T 0 ~ 200
em 2 EHSRMESAETENRE 2, MAPEART RS/ NETZE 20,

®1 HARTHEMFAICE
Table1 The content of the experimental soil nutrients

B HHLUER 258 WER R pLL

Soil layers Organic matter Total nitrogen Alkali-hydrolysable nitrogen  Available phosphorus Available potassium
(em) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
0~20 23.8 1.2 102.4 20.5 134

20 ~40 4.9 0.9 71.6 7.9 87

®2 HBAMET0 ~200em T EHSAMZERSE
Table 2 The content of NO; -N and NH," -N in 0 ~ 200 cm soil profile before sowing
+JZ Soil layers (cm)
0~20 20 ~40 40 ~60 60~80 80~100 100~120 120~140 140~160 160 ~180 180 ~200

I H Item

HAR &' NOy -N

16.0 10.7 5.3 4.5 4.1 6.9 8.2 9.4 12.9 10.0
content( mg/kg)
BEAEE
NH," -N content 4.8 3.5 3.9 3.06 3.66 3.18 4.14 3.6 3.6 3.5
(mg/ke)

H ] 4 K AR N MR R R E 4. KER
BRARX BT, ERXALE K, BI X AP R, #

.
<
T
]

KT AT BIAMK (WO) R 1 Yk (W), B ||| - )
AR AN 1A (W2) LR BRAH R 2 .
TR 1 K (W3) , MKB RS, SRENkEy 2

Y 60mm; JAEALTS B AR HE MR (NO) L 84 keN/ =

hm’ + ¥ JE 84 keN/hm® ( N168) FIZEAE 120 keN/hm® + 812 &

120 kgN/hm’ (N240) , LIESER R (HR 45.01%) HAK.  ° HHH HHHHHHHHHHHHHH
240 BB 49 8 FT B 53 51 105 keP, O5/hm” F1 105 PR ik G fok Gk St il
kgK,O/hm® , SRR . HIETER1%E A5 B, 2223332293333 39334339 333
BHAETRYAMATIFAGA, S MEHEEE 3 K, T e

/INXTEH A 4.5 m x30 m, KT 2003 410 § 4 HIE
71,2004 4£5 7 HFF4E,6 B 18 Htdk, Bk EET M1 2003 2004 B AR RARRITR
N A Fig. 1 Rainfall during the winter wheat season from 2003
b SRR N E EIA, AEEERA
EREKE A 228.5 mm (B 1), B HEREHE 217.2 mm
MZ,
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SN XK BRBE— N EE/DX A, TN 15cm x44. Sem, f 15cm . 44. 5em 30em (K .5 F) B9 H
PAERITIRE, ENE 2 7/ E, EEREA LT 25 cm, BHHE S om, MR BHAEE , B ARIEEHASN
RESE, 7K B R HoA e By 5 B e K MARHE — 30, N R Z i B THFSEBes =, B 0 10.13%

1.2 HE BRI E vk
1.2.1 HEBEEER RN E

KHERBAE/NE VR BIE AR, B, B 70 CHT 2EER e TYE, FRnEERHIKER
BN EHER AR EHRS R,

SN M R IR AR BABUH 37/ NEMARFEAIBEZ (0 ~25em +2) +4E, HARFE 70 CHZEfEE, +4£
R N B B N F B R JL R 7 A28 ZHT203 SRIE A E, RS MKk ERRE
(kgN/hm®) = #ikk FHE (kg/hm*) x MR EEE (%) , RIERIKE (keN/hm”) = Hk BB E (kgN/hm’) x
(MRAHERERN N £F - SHRAHEMEKRSRHCN £5) AREH N BT EH 8 (%) , JAEH R
(% ) = BIEHMRTE/ HRE x100, +HEEEE (kgN/hm’) = +HEFE (g/em’) x LHFEREF (em) x 3§
HRE(%) x10° , BIEHFRBEE (keN/h’) = HEARE x (ERLE HEREBLSRACN E5 - 5t
HAEAES2EN N £8)/FHCHN BEFESE(%)  AELERER (%) =RAELERBE/ AR
x 100,

1.2.2 A (HSEMEIE) WilE

Te/NERFFEHI(2004/5/9 , B3R K BT ) FIBCIREA (2004/6/17 ) 43 3| T &AL BN X R &E 14, #% 20cm
—J&,43 10 EHL0 ~200 cm T4, B 0HE 2 S RHETIRA . #10.01 mol/L i CaCl, FR 12, R %
30 min J53L U8, HIBIR $EW , F#EE BRAN + LUEBBE 5] 7™ AA3 LR s 704 {0 & B R P IS EA &
REE(mg/kg) , HIEMASRALN BERE (kg/hm’) = +ZEF (cm) x HEAE (g/em’) x HIEWHERIEE
(mg/kg)/10. H F&ALHEE] 0 ~200 cm KT RESABLBEZR , AN THESAEER.

1.2.3 HEEFUKS& BN E

A3 X ( Time Domain Reflectometry , &% TDR) FIF £ B &4 E LB A B B HOF BN 1B AKTR
K&, 20 cm H—2R, MK 180 cm ,180 ~200 cm + EHEM &K R 4R M T E .

1.2.4 IHEARK

REBRIEE(% ) =FRRAE/TARRAR x 100, BAEAUE (kg/kgN) = (R XIFR =R - A
REAFR ) /MEEE , KA E (kg/mm) = (TR & - AFOKAERR=]) /BKE

25 B E R I A B 5 7347 R Al DPS (Data Processing System ) 7. 05 4 Ab Bk 14, #E B >R A Originpro
7.5 B,

2 ZR5H5%H
2.1 AREKEAIE R EIER £

REEALR BEHE T 48 3 A8 (1) BAEMRIG (2) R B 18 (3) B A FEHLHF®REZ
Bk, £ 3 RN RERREHORENER, AR REE L EFR BN ERKEHE ~25
cm) HEFRIEKZREE, RBEHELU T LENEEITTAREK, X3 B, E—EREKELE, FEKLH
(WO) BENER S T A KAEH (W1, W2, W3) ; K K AL H ] b3, FIE A A 2R AU ik B R A 2 S B v
TKREE N2 LT E BEE ARSI, RIEHHE 1385k B 8 5% B R B ER, FIEH K& MHA N
BAE. FE—ERERKF L, FEMERE (0 ~240 kg/hm®) 3 h0, Mk SR AR RER K £ REH 2 55k
BE AEHREUSBRAENE LA EE, MAERHENHZE T SRR EE TREHE,

2.2 AREUKEABEE =& oK RAE R

B3R 4 JLIAEN , FIEKF—ER, #EAK (W1, W2, W3) Fi T4 9= 8 FUAF R B B 1R , i S8 beAr B

BARSEN B R SR (WL, W2, W3) 8] lLER, KR EGE N, Y= Ak E AR S E]¥T
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BEA, MK R B T W, MRS 1 K (W1)3 2 2 (W2) Sl = BR B &R M, —5
BT, T 3 KA (W3) & HRALEE (N168 \N240 ) HbF R ™= B8 W2 BERER. 7E—EMEBAKF
b, 720 ~ 168 kg/hm” {5 [ PY , M RURE AN [FIRR BE st 3t I 2Ry 7= AR R = 8, P B E R RE RS B R
B 168 kg/hm’ B Z 240 kg/hm”, TEREFHIAMEA (WO) &4 T SBUEY = B AFPR B BE WK, 5%
AKALFE (W1, W2, W3) dr 7= KPR B AURPRL R 1 & R A R R 0 (168 ~240 kg/hm’) ¥ R B E 2
1, MR R PR R A =R B AR

3 FAKBREA TEMESZARHER (N YEKRK)
Table 3 The fate of of N fertilizer in winter wheat season (>N microplot experiment)

4O Troaments  MEURBAR FERKE  AEFAER AEHELR AEHELE AESAE  AERKZ

N recovered N fertilizer N fertilizer RER BER N fertilizer loss N fertilizer loss
K IRE HiE R by wheat pi&mt uptake of wheat recovery rate N f'ertilizter N fertilizer' (kgN/hm?) rate( % )
e 1 (kgN/hm?) plant (%) residual in residual rate in
Irrigation N fertilizer i i
(kgN/hm?) plough soil plough soil

2
frenqucy (kgN/hm®) layer( kgN/hm?) layer( % )

0 0 224.3
168 281.0 46.4 27.7 72.7 43.3 48.9 29.0
240 291.8 58.3 24.3 103.4 43.2 78.2 32.5
1 0 227.8
168 299.7 39.2 23.4 61.1 36.4 67.7 40.2
240 304.2 51.9 21.6 84.4 35.2 103.8 43.2
2 0 239.9
168 304.0 40.3 24.0 57.3 34.2 70.4 41.8
240 310.4 53.6 22.3 74.4 31.1 112.0 46.6
3 0 245.1
168 317.8 46.2 27.5 35.3 21.0 86.6 51.5
240 333.1 58.1 24.2 4.5 18.6 137.4 57.2

F4 PRAKALENTB.BRARK BEFLE(CKHRRE)
Table 4 Yield ,quality and productive efficiency of N fertilizer and irrigation water (field experiment)

T pew TREARER o, TR s
%_f(&ﬁ Nﬁ?eilzi;r total upground Grain yic;ld Pmt:;ng:ﬂ:ztent N harvest index productive Irr;g;t‘;(l)lr;t:‘v,zter
frergl:E:; (keN/hm?) (t;T,:: ) (le/hm) (%) (%) :f;f;;y) efficiency ( kg/mm)
0 0 12432 d 6250 £ 13.6 b
168 17093 b 7152 d 14.2 a 63.5 80.6
240 15293 ¢ 6668 e 14.3 a 57.2 26.2
1 0 16977 b 7571 ¢ 12.7 e 22.0
168 18155 a 8149 ab 13.1 cd 62.0 51.6 16.6
240 18101 ab 8070 ab 13.3 od 61.9 31.2 23.4
2 0 17727 ab 7830 be 12.8 ¢ 13.2
168 18343 a 8349 a 13.3 od 64.2 46.3 10.0
240 18003 ab 8343 a 13.4 ¢ 63.3 32.1 14.0
3 0 17304 b 7713 be 13.0 de 8.1
168 18497 a 7870 be 13.4 ¢ 58.3 14.0 4.0
240 17713 ab 7784 be 13.5 be 55.4 10.7 6.2

2.3 NELEFTERARKEAIER 0 ~200 cm + EARREKEMMSEEN L
W 2 fiR,0 ~ 100 em &+ 2 T AR &K B G SR IRE I AN A5, 100 ~ 200 cm &+ 2N B &2
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o BEREKREIE I, FFAERIFUCRE 0 ~ 100 em &+ E AR EG/KE BZEHN,100 ~200 cm &+ EEREK
BREARZEM,

—— A K Non-irrigation - /\- PE27K Twice irrigation
—@— 17Kk Once irrigation - =~ 37K Thrice irrigation

FIERFRE K& Soil volume water content (%)
0 10 20 30 40 0 10 20 30 40
T T T T O T T T T

20 - 20 -

40| 40 -
60 60 -
80 - 80
100 |- 100 |

120 - 120 |-

+ 2 Soil layer (cm)
+ 2 Soil layer (cm)

140 - 140 -

160 | 160

180 - 180 -

At harvest

200 | At anthesis 200

B2 JTEBFER 0 ~200 om - BRI AR &K E

Fig.2 The volume water content in 0 ~ 200 cm soil profile at anthesis and harvest

&l 3 B, AFFIE BN , SR AL H (N168 \N240)0 ~200 cm & 2RISR B RE T BELL, At
RALFL(NO) WITTH B, BERBIAEK (W) £ T, iR AL (N168 N240) 9 0 ~ 60 cm &+ EMHAR
ERAEHBERS,60 ~200 cm £+ EWHSEEILE T BORBIEK (W1, W2, W3) HiEHAREALE
(N168.,N240) , 3 0 ~20 cm L ZHMEASRAE LB B FEAL, 1 100 ~200 cm £+ EHAREDRERS,
Hop DR KR AL (W3) Y 180 ~200 em +Z SR E MR VA, H 0 ~20 cm 1 EMASRERE
I ABE . DL EGREN, NIFEBIMER, K23 T & MR AL H (N168 \N240 ) FHZSE I M T L%

W 4 Fras, WREIAEK (W0) £4 T, iiAALH (N168,N240)0 ~ 100 cm + EHARBEHEREST
FAEH, X 5/NE AL RAGRE AR, TIBA RN R F/NZHEBRTRA R E 1 ZHE2 K(WL.W2) Hif
H(N168 ,N240) &b 3 0 ~ 100 cm F1 100 ~200 cm + EMAERERH BE S FHIER,0 ~200 cm + 2
AR Rk B HIBEE SR N LiEiE, #40k B LEP HME R BN, A FESRIE
BIRBTFRARGT 3 KA T BRI R A AL (N240) 1 0 ~ 100 em 1 ZREAR BRHE WA Br
FEAS, N SR HAEK FBIESA TBA X KRPMASRRRELSRER(E4) ,ELEK(WL,W2,W3)
AbFE P R AT (N168 ,N240) 9 0 ~ 100 cm + ZHAR BEHEFEE K KECEINE T FE&EZ, 1M 100 ~200 cm
T EHSAERENE LS, H 100 ~200 cm 2 EHESERREBE R/ TS, RPN FIEBIRS
8] 0 ~100 cm + 2 FHAMAETBE T 100 ~200 cm + 2, FEHEEE (0 ~240 kg/hm?) ¥, FAEHIF
IR EAE K 434L 3 0 ~ 100 em F1 100 ~200 cm FHARR R ENA SRR E RN,

SBBAE, FAEWEKRE(W) JERE(N) 5K 0 ~100 cm +Z5RE8 NO; -N BEFHE (Y. ) I [E
HE Y, 100 = 5.155 +81.2406W +0.3121N -25.3524W* +0.001468N* +0.03889WN(r =0.9761*" ), H
K —R T (p =0.007 £ =3.754) M1 R (p =0. 0057, ¢ =3. 932) ¥k BIR BEKF, HRETALKIHA
BE, FREARRE S, ERKRERESERR 0 ~100 cm + 258 NO, -N ERHESZ AN EERE,

B KRB W) JEEE (V) 5B0REE 100 ~200 cm 12528 NO; -N BFHE (Yi.20) FEATEIE AT, 3R
BEHAFFR: Y. 00 = 49.852 +41.5025W +0. 1679N - 8. 6831W* +0.000571N* +0.2416WN (r =0.9905""),

hitp : //www. ecologica. cn
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A E R NO; -N (kg/hm?)
0 15 30 45 60 75 90 IOS 0 15 30 45 60 75 90 IOS 0 15 30 45 60 75 90105 O 15 30 45 60 75 90 105
T T T T T T T T T T T T T T

20 e e e
_ 40 b Badll Bl
E 60 > 4 Hek Lot
5 S0p4 "4 * . )
Z 100 e A L R -
=z 120 P - e L & —k— N240
& 140 - e Fooe Foe
160 - @ & - L - L .
g0 ik L e L XL K
200L 6 Non-irrigation u Once irrigation o Twice irrigation . Thrice irrigation
FAEHA A [a] 7K G Ak 3 33 T A 24046 Distribution of residual NO; -N in the soil profile at anthesis
0 15 30 45 60 75 90 105 0 15 30 45 60 75 90105 O 15 30 45 60 75 90105 0 15 30 45 60 75 90 105
||||||| T T T T T T T
201 - o A Le
40 & e a7 e
E 60rex e 4 Fe
5 S04 e by
& 10004 Fe 4 R
= 120 re -o. A\ -
w) - _ .
g 40T 24 Rk AT mek * W3k
+H 160~ & Non-irrigation ot . Twice irrigation | Thrice irrigation
180T 9 -t T
2001 e 4 L e .

AR AR IR S Ak B # T s R 5 24 Distribution of residual NOs -N in the soil profile at harvest

B3 FEFMEE AR K EALLIE O ~200 om + 35 HER B A E KR

Fig.3 The distribution of residual NO; -N in 0 ~200 cm soil profile at anthesis and harvest

Hep KR BN (p =0. 0007, ¢ =5. 746 ) 3% Bk BE KT, EA K —RIFEEBEKF (p =0.0346,¢ =
2.6164) , BP /K EAERUN Bt BUHEA 100 ~200 cm +)25% 8 NO; -N BRI ESHE, BEK¥UY
KT MR o

3 itig

KEHFEZ RIS REY, A K B WM SANREMRE, SR EHBHEGR RN
g, ROk B, TSR MR . BEES" KK REETREY, AR
ERTEFESAERNIERE BEAENHSRERENEMRB/D, A4S WPREN, EREX 0
~100 cm + SR BRER BERMW , KB EAEARX 100 ~200 cm + EMAREREXWARE , AW
FEERDR, KR SRS 0 ~100 cm +)2 NO; -N ERERFN EFEE, MR EME KR LN T
RS R TR , ELIE KSR K TR , X SR ARG RA—B MWHEEE, 454550 1
HIEHAREAE %, BEE AESED ke T3 b SRR & 8 (45147 28.9.13.5 mg/kg) A DR E
B (480 10.2.13.3 g/kg) B BE M T ARG T GENE S8 102.4 mg/kg BHRESE 23.8 g/kg) o B
AR E, RN B EYRA/NE AT PSRN B A R R A B A A R R
B B8 13K TR T AR R Bk ™ R 120 ~ 240 kg/hm” i, B FE 7 + 8 5% B8 SR LA B
SASHEENETER THSEMESE" . AR50 M EZERFEBNEIE S B, BAE8E KR
EEHAENREREZS, EEEELHENE, BEPRERN, E—EBEN, AIET LR EEE
TSR BT L E R AR S BIE 42 % ~43.5 % Z AR R BRI, ARt g
FKRUHE 0 ~ 100 em RIS KBRS, BEAREREKEIVET 42 % , EREHEHLEREZ A,

Elvick™ &3, YK R T HEAB B RN, BT R SR , 1 BRI H ; T 24K 58 T 3
ABEER, K 5EEEED TEARHITER, E LT EER ., JRRERDR(E 4) , AFERNE K
R, AT PREAK(W0) &4 F g A (N168 ,N240) 1 0 ~60 cm &+ EMSREBEER,60 ~200 cm
£+ EMSRBRBERL. BETHFHMKELR (B AMFE/NT 30 mm) , FHEE KT 30 mm #K

hitp : //www. ecologica. cn
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wh NO NN N168  swsss N240
400 _ 400 — )
350 L FFAER Anthesis 350 L FFER) Anthesis

300

300 -
250 -
200
150
100
50
0

400
350
300
250
200

0~100cm+ ENO;-N B &

NO; -N accumulation amount in 0—100¢m soil profile (kg/hm?)

100~200cm 1 JENO; -NE &

NO;™-N accumulation amount in 100—200cm soil profile (kg/hm?)

250
200
150
100

50

150
100
50

DN

WK IXBL Trrigation frequency VK IR L Trrigation frequency

B4 FFEHFUERAA FAKEALIE O ~ 100 cm £ 100 ~200 em +-JZ NO; -N RERE
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